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Abstract and Keywords

The primary purpose of this study was to examine the effectiveness of physical
activity interventions among preschool-aged children. A secondary purpose was to
investigate the influence of several moderator variables (e.g., location of intervention,
intervention type, intervention leadership) on physical activity and body composition
outcomes. Nine databases were systematically searched; a total of 19 studies meet the
inclusion criteria. Effect sizes (i.e., Hedges g values) were calculated using
Comprehensive Meta-Analysis software. SPSS software was used to analyze the data.
Results indicated that interventions had moderate effects on preschoolers’ engagement in
moderate-to-vigorous physical activity (g = 0.51;/? < .05; n = 39 ES) and small or smallto-moderate effects on: body composition (g = 0.28;p < .05; n = 39 ES); light intensity
physical activity (g = 0.27; p > .05; n= 11 ES); physical activity counts (g = 0.40; p >
.05; n = 14 ES); and proxy-reported physical activity (g = 0.31,;? > .05; n = 19 ES).
These results are discussed in terms of implications for future research and interventions.

Keywords: meta-analysis, preschoolers, physical activity, intervention, body composition

111

Dedication

Success is the sum o f small efforts, repeated day in and day out.
~ Robert Collier

To my supportive family and dedicated friends:

Thank you for reminding me of this truth and for making me see the forest from the trees.

This is for you.

IV

Acknowledgements
The writing and completion o f any graduate work takes sustained and continual effort,
not only by the student, but also by a host o f 'other ’ very important people.
I am indebted to, and sincerely thank:
Dr. Trish Tucker for her encouragement, guidance, honesty, and support of my
educational goals and research ideas. Most importantly, thank you for your openness and
willingness to work and go on this incredible journey with me. Thank you for having
faith in my abilities. Your meticulousness has challenged even my own - I have learned a
thing or two along the way! Thank you for grounding me and for your constant reminders
that this is but one study - we can change the world, but it might take a little longer than
anticipated. It has been an interesting adventure, one that I won’t soon forget.
Dr. Shauna Burke, for her expertise, frankness, consideration, and attention to detail. I
asked many questions and you were there to answer any and all of them, no matter how
trivial or how often they were repeated!
Drs. Albert V. Carron and Jennifer D. Irwin for their expert advice, encouragement,
and support in writing and analyzing the data. I learned so much about critical thinking
and inquiry as it relates to the material and to the data; this project could not have gone
forward without your assistance.
The amazing faculty and administrative support in Health & Rehabilitation Sciences.
Special thank you to Mrs. Nancy Inchley and Mrs. Cathy Collins - I’d have been lost
without your support and contribution to my student life at UWO.
My friends: Angela, Sarah, Kit, Charity, Katherine, Teresa, Lindsay, Marie-Eve, Linh,
Derek, Libby, Sarah, Laura, Kate, Gill, Leigh, Nancy, Ayelit, Steve, Lauren, Steven,
Stephen, Ariel, et al. - It’s been a great ride and I’ve learned so much. It has been a real
privilege working, learning, and getting to know each of you. Thank you for helping to
make these past two years fun, exciting, and anything but boring! But this is only the start
- you’re not getting rid of me that easily or quickly!
My family: Mom, Dad, Grandma, Emma, Ben, Ronit and Moxie - You’ve been with me
from the beginning, quite literally! I’ll never really be able to thank you for all of your
uncompromising support and enthusiasm of my work (whether it be personal,
professional, extracurricular, or voluntary.. .1 know I take on too much, but I wouldn’t
have it any other way - the apple doesn’t fall far from the tree!). Thank you for
reminding me of the simple truths, for all of your late night phone calls and editing
sessions, for being my sounding board and my grounding force. For reminding me that I
can accomplish anything I set out to achieve. For loving me unconditionally, no matter
what. I can only go so far because you are all always there, cheering me on, through thick
and thin, sunshine, rain, sleet, hail, or snow, tears and smiles. This is as much for you as
it is for me. XO

Table of Contents
Certificate of Examination........................................................................................................ii
Abstract and Keywords........................................................................................................... iii
Dedication..................................................................................................................................iv
Acknowledgements...................................................................................................................v
Table of Contents...................................................................................................................... vi
List of Tables..........................................................................................................................viii
List of Appendices....................................................................................................................ix
Chapter 1: Purpose and introduction....................................................................................... 1
Chapter 2: Review of Literature...............................................................................................4
Physical Activity among Young Children.......................................................................... 4
Obesity among Preschool-Aged Children...........................................................................6
Physical Activity Interventions........................................................................................... 7
Purpose and Moderators....................................................................................................... 8
Chapter 3: Method................................................................................................................... 13
Data Collection.................................................................................................................... 13
Inclusion Criteria................................................................................................................. 14
Dependent Variables............................................................................................................15
Trustworthiness and Quality o f Data................................................................................. 16
Data Analysis....................................................................................................................... 16
Chapter 4: Results....................................................................................................................21
Descriptive Statistics.......................................................................................................... 21
Overall Effectiveness of Moderator Variables................................................................. 23

vi

Effects of Moderator Variables on Each Dependent Variable Category

30

Body composition........................................................................................................30
Moderate-to-vigorous physicalactivity......................................................................33
Light physical activity................................................................................................36
Physical activity counts..............................................................................................38
Proxy-reported physical activity................................................................................40
Chapter 5: Discussion..............................................................................................................43
References............................................................................................................................... 48
Appendices.............................................................................................................................. 63
Curriculum Vitae .................................................................................................................... 74

vii

List of Tables
Table #

Description

Page

1

Categorization of Dependent Variables

22

2

Overall Effect Sizes (N = 112), Standard Deviations (SD), 95%
Confidence Intervals (CI95), and Fail Safe N Values for
Recategorized Dependent Variables

24

3

Effect Sizes, Standard Deviations (SD), 95% Confidence Intervals
(CI95), and Fail Safe N Values for Moderator Variables

25

4

Effect Sizes, Standard Deviations (SD), 95% Confidence Intervals
(CI95), and Fail Safe N Values of Moderator Variables on Body
Composition

31

5

Effect Sizes, Standard Deviations (SD), 95% Confidence Intervals
(CI95), and Fail Safe N Values of Moderator Variables on
Moderate-to-Vigorous Physical Activity

34

6

Effect Sizes, Standard Deviations (SD), 95% Confidence Intervals
(CI95), and Fail Safe N Values of Moderator Variables on Light
Physical Activity

37

7

Effect Sizes, Standard Deviations (SD), 95% Confidence Intervals
(CI95), and Fail Safe N Values of Moderator Variables on Physical
Activity Counts

39

8

Effect Sizes, Standard Deviations (SD), 95% Confidence Intervals
(CI95), and Fail Safe N Values of Moderator Variables on ProxyReported Physical Activity

41

viii

List of Appendices
Appendix

Title

Page

A

Coding Sheet - Physical Activity, Body Composition, and
Preschool-Aged Children

64

B

Effect Sizes, Standard Deviations (SD), and 95% Confidence
Intervals (CI95) Prior to Recategorization of Moderator Variables

70

C

Recategorization of Moderator Variables

73

ix

ANALYSIS OF PHYSICAL ACTIVITY INTERVENTIONS FOR PRESCHOOLERS
Chapter 1: Purpose and Introduction
Physical activity participation is one way to help minimize the incidence of
obesity, now classified as an epidemic (Kramer, 2008; Sturm, 2005). The 2010 Active
Healthy Kids Canada Report Card on Physical Activity for Children and Youth gave
Canadian children a failing grade with respect to current physical activity levels (Active
Healthy Kids Canada, 2010). This grade has not changed in four years and indicates that
activity levels have remained stagnant during this period (Active Healthy Kids Canada,
2010). In fact, researchers acknowledge that there is a “physical inactivity crisis in
Canada” (Active Healthy Kids Canada, 2010, p. 12), as only 12% of children are
currently meeting the daily physical activity recommendation. This inactivity crisis has
been echoed internationally. For example, Riddoch and colleagues (2007) noted that only
2.5% of British children were sufficiently active (Riddoch et al., 2007), while Cardon and
De Bourdeaudhuij (2008) identified that only 7% of Dutch children engaged in 60
minutes of daily moderate-to-vigorous physical activity (MVPA). Furthermore,
approximately 25% of American boys and 50% of American girls were insufficiently
active and thus did not meet current physical activity guidelines (Telford, Salmon,
Timperio, & Crawford, 2005). While a number of studies or reports (Active Healthy Kids
Canada, 2010; Cardon & De Bourdeaudhuij, 2008; Riddoch et ah, 2007; Telford,
Salmon, Timperio, & Crawford, 2005) have previously reported children, including
preschoolers, to be insufficiently active, a recent investigation contradicts these findings.
Specifically, Obeid and colleagues (2011) noted that using a shorter epoch length (e.g., 3
seconds), resulted in preschoolers engaging in sufficient activity. While the finding is
promising, additional research is needed to confirm that the shorter epoch length does
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translate into sufficient activity among preschoolers from other areas.
Data from a recent investigation involving 25 different countries revealed an
increased prevalence of childhood obesity in almost every participating country
(Organization for Economic Co-operation and Development [OECD], 2009).
Specifically, this study identified that approximately one-third of American children and
one-fifth of Canadian children are either overweight or obese, representing “the highest
rates amongst surveyed countries” (OECD, 2009, p. 50). Shields (2006) noted that data
from national surveillance studies point to a problem amongst Canada’s youngest
cohorts; 15.2% of preschool-aged children are overweight, while 6.3% are considered
obese. The rise in physical inactivity, which has accompanied growth in the prevalence of
obesity and related conditions (Daniels, 2006; Dencker et al., 2006; Hinkley, Crawford,
Salmon, Okely, & Hesketh, 2008; Reilly, 2005; Strong et al., 2005), is a disturbing trend.
Today’s children will not only become a burden on the health care system if current
physical activity and obesity levels are not addressed, but this is the first generation who
will be “less healthy and have a shorter life expectancy than their parents” (Carmona,
2004, para. 9). By establishing positive health behaviours at an early age, it is possible to
minimize adverse health outcomes later in life (Boreham & Riddoch, 2001).
Research suggests that both physical activity and obesity track from childhood to
adulthood (Pate, Baranowski, Dowda, & Trost, 1996; Whitaker, Wright, Pepe, Seidel, &
Dietz, 1997). In fact, Fulton and colleagues have identified that adult health behaviours,
such as physical activity participation, develop during the preschool years (Fulton et al.,
2001). As such, Hannon and Brown (2008, p. 532) suggest that “preschool [physical
activity] interventions merit investigation,” and Salmon and colleagues echoed:
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[T]here is an urgent need for effective physical activity programs to reduce the
incidence of overweight and obesity.. ..Given the central role of physical activity
in the prevention of overweight and obesity, a comprehensive critical review of
the evidence is needed. A meta-analysis may be preferable in order to provide a
quantitative sum m ary...” (2007, p.144-145).
A meta-analysis of physical activity interventions (PAIs) in preschool-aged children
would help to identify the effectiveness of current programming and would serve to
highlight the components of these interventions that are most effective at increasing
physical activity levels and decreasing obesity prevalence in this population. Therefore,
the main purpose of this study was to conduct a meta-analysis to examine the
effectiveness of physical activity interventions on physical activity participation and/or
body composition outcomes (e.g., body mass index; BMI) among preschool-aged
children (aged 2-5 years). A secondary purpose was to investigate the influence of a
number of moderator variables on the physical activity behaviours and body composition
outcomes of preschool-aged children. These variables included, for example, intervention
length, intervention location, intervention leadership, and intervention type, with an
exhaustive list of moderators presented in the literature review.
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Chapter 2: Review of Literature
This literature review is organized into three parts including a discussion of: 1)
physical activity among young children; 2) obesity among preschool-aged children; and,
3) physical activity interventions. This chapter concludes with an overview of the
purpose of this study and a discussion of possible moderator variables important for
inclusion in this meta-analysis.
Physical Activity among Young Children
Physical inactivity “can predispose children to obesity in later life, [and therefore]
it is important to begin promoting physical activity as early as preschool age” (Cardon &
De Bourdeaudhuij, 2007, p. 205). Hinkley and associates (2008) have also explained that
insufficient physical activity may predispose young children to “preventable health
conditions” (p. 435). These conditions may include diabetes mellitus, cardiovascular
disease, hypertension, dyslipidemia, sleep apnea, gastrointestinal complications,
depression, and others (Daniels, 2006; Reilly, 2005; Strong et ah, 2005). Given the
overwhelming benefits of engaging in physical activity, it is important that young
children are sufficiently active.
The National Association for Sport and Physical Education (NASPE) guideline for
physical activity participation in preschool-aged children (defined by NASPE as children
aged 3-5 years), states that every child should engage in a minimum of 60 minutes of
structured physical activity and from 60 minutes to several hours of unstructured
physical activity, on a daily basis (National Association for Sport and Physical Education,
2002). Applied both in North America and internationally, this guideline is frequently
used by researchers focused on the physical activity patterns of preschoolers (Hannon &
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Brown, 2008; Okely, Trost, Steele, Cliff, & Mickle, 2009; Williams, Carter, Kibbe, &
Dennison, 2009).
A recent systematic review, which focused on physical activity participation in the
preschooler population, identified that the majority of studies measuring physical activity
among preschool-aged children reported activity levels that were far below the NASPE
guideline (Tucker, 2008). Specifically, Tucker’s (2008) findings indicated that in 54.0%
of the studies reviewed (n = 21 of 39 studies), physical activity occurred for less than 60
minutes per day. Tucker noted that when considering “sufficient activity” as the
accumulation o f at least 120 minutes of physical activity per day (in line with the NASPE
physical activity guideline), only 23% of the studies revealed that preschoolers were
sufficiently active. The results of this review are of particular importance for providing an
accurate reflection of international physical activity participation among this population
and, consequently, identifying the importance of early physical activity interventions.
Given the large number of young children who attend child care facilities (Bushnik,
2006; Dowda, Pate, Trost, Almeida, & Sirard, 2004; Mulligan, Brimhall, & West, 2005),
much of the research pertaining to physical activity among the preschool population has
been completed in this venue. Within these studies, consistent findings have been
discovered. Specifically, Pate et al. and Reilly and colleagues both concluded that
children who are in child care settings exhibit physical activity patterns that are far too
low and, thus, do not meet the current NASPE physical activity guideline (Pate, Pfeiffer,
Trost, Ziegler, & Dowda, 2004; Reilly et ah, 2006). Moreover, Brown and associates
(2009b) found that in some instances, only 11% of the day was spent in activities that
were not sedentary in nature. Similarly, Temple, Naylor, Rhodes, and Higgins (2009)
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noted almost half of their participating preschoolers attending home-based child care
facilities were sedentary for more than 287 minutes (nearly 5 hours) during child care
hours and children’s engagement in MVPA was very low. In fact, preschoolers engaged
in only 12.7 minutes of MVPA during child care hours, which corresponds to an average
of 1.76 minutes of MVPA per hour. This research highlights the low level of physical
activity participation among this unique population. In light of the numerous health
benefits associated with physical activity, including the prevention of childhood obesity,
physical activity interventions are warranted to combat the observed increase in sedentary
habits among this cohort.
Obesity among Preschool-Aged Children
Over the past decade, overweight and obesity in young children has emerged as a
critical public health issue due to the dramatically increasing prevalence of these
conditions (Reilly & Dorosty, 1999; Tremblay & Willms, 2000; Vasquez, Salazar,
Andrade, Vasquez, & Diaz, 2006; World Health Organization, 2010). The World Health
Organization (2010) has estimated that, globally, there are more than 42 million children
less than 5 years of age who are considered overweight. A recent investigation of
worldwide childhood obesity rates revealed an increased prevalence among preschoolers
in almost every country for which data were collected. Furthermore, the average increase
was reported to be greater than 0.25% per year (Wang & Lobstein, 2006).
Within North America, the rates of childhood obesity have escalated. Ogden,
Carroll, and Flegal (2008) found that in the United States, a body mass index score of
greater than or equal to the 85th percentile on the Centers for Disease Control and
Prevention (CDC) Growth Charts, akin to a designation of ‘overweight,’ was prevalent in
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24.4% of 2 to 5 year olds. Furthermore, 12.4% of children in this same cohort presented
with BMI values greater than or equal to the 95th percentile on the CDC Growth Charts,
which classifies these children as ‘obese.’ Canada is not immune to the obesity crisis in
young children. Recently, Canning, Courage, and Frizzell (2004) found that in
Newfoundland and Labrador, 25.0% of preschool-aged children are either overweight or
obese, while He and Sutton (2004) found that approximately 30.0% of young children in
London, Ontario were overweight, or were at risk of overweight, with an onset as early as
2 years of age.
The abovementioned figures are startling given that obesity has been shown to
track from infanthood to adulthood (Pate et al., 1996; Whitaker, Wright, Pepe, Seidel, &
Dietz, 1997). In fact, Rolland-Cachera and colleagues found that infants, who were obese
at 1 year of age, were twice as likely to be obese adults as normal weight infants
(Rolland-Cachera et al., 1987). In addition, Freedman et al. (2005) concluded that
overweight preschool-aged children were four times more likely to be overweight as
adults, compared to children with BMI scores less than the 50th percentile. This finding is
similar to that of Whitaker et al. (1997), who concluded that the obesity statuses of
children aged 3 to 9 years, along with that of their parents, are important predictors of
obesity during adulthood.
Physical Activity Interventions
Given the dramatic increase in childhood obesity and physical inactivity rates
worldwide, interventions developed to establish healthy active behaviours among young
children are warranted. Such interventions have previously been implemented and two
systematic reviews have synthesized this research. Specifically, Campbell and Hesketh’s
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(2007) review focused on obesity prevention interventions in children up to 5 years of
age. In particular, the authors sought to “assess the effectiveness of interventions
designed to prevent obesity, promote healthy eating and/or physical activity or reduce
sedentary behaviours” (Campbell & Hesketh, 2007, p. 328). The nine studies included in
this review were conducted in various settings and utilized multiple intervention
components, with most based in the United States. Each study showed some measure of
success in changing behaviours that promote the development of obesity in children, such
as eating and physical activity patterns; however, the conclusions drawn were limited by
the methodology of a systematic review.
Similarly, Ward, Vaughn, McWilliams, and Hales (2009) conducted a systematic
review of studies that implemented a physical activity intervention in the child care
setting. Nine studies met the inclusion criteria; all of these studies were published
between 2003 and 2008, with most reviewing the effects of physical activity
interventions in preschool-aged children. Of the studies included, seven provided teacher
and/or research staff directed physical activity interventions, while the other two
employed environmental changes. Only five studies (56%) found significant effects of
the intervention on physical activity level. The authors noted that because few studies met
the inclusion criteria, and the included studies varied in research quality, it was difficult
to draw clear conclusions from their systematic review, thus further highlighting the need
for a meta-analysis.
Purpose and Moderators
This research provides a statistical synthesis of the physical activity and body
composition (e.g., BMI) data retrieved from physical activity interventions aimed at
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preschoolers. Specifically, the main purpose of this study was to conduct a meta-analysis
to examine the effectiveness of physical activity interventions on physical activity
participation and/or body composition among preschool-aged children (aged 2-5 years).
A secondary purpose was to investigate the influence of a number of moderator variables
on the physical activity behaviours and body composition outcomes in this population.
These variables are discussed below.
Intervention length. Physical activity interventions targeting preschool-aged
children generally span several days to several weeks in length (Fitzgibbon et al., 2006;
Reilly et al., 2006; Parish, Rudisill, & Onge, 2007; Hannon & Brown, 2008; Cardon et
al., 2009). Among adults, Dishman (1994) has identified that individuals often relapse
into sedentary behaviours within the first 6 months of starting an activity program. This
relationship can be extrapolated to the child population, and therefore, it was
hypothesized that longer intervention length would be more successful in sustaining
increased physical activity participation. Similarly, it was thought that longer length
interventions would be superior for decreasing the incidence of obesity among this
population.
Intervention location. Physical activity interventions targeting preschool-aged
children have occurred in various settings, including child care centres (Fitzgibbon et al.,
2006; Parish et al., 2007), preschools (Cardon et al., 2009; Hannon & Brown, 2008), the
home environment (Reilly et al., 2006), or some combination of these locations (Reilly et
al., 2006). As there was insufficient data to determine which setting would have the
strongest impact on physical activity or body composition, there was no a priori
hypothesis about which intervention location would be superior.
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Intervention leadership. Some physical activity interventions are facilitated by
teachers or child care staff (Brown, Googe, Mclver, & Rathel, 2009a; Cardon et al., 2009;
Fitzgibbon et al., 2006; Reilly et al., 2006), whereas others involve minimal leadership or
support during the intervention (Hannon & Brown, 2008). While some research (e.g.,
Reilly et ah, 2006) has shown that interventions led by head teachers (e.g., child care
directors) result in increased physical activity participation, there was insufficient
literature to draw conclusions related to leadership effectiveness for physical activity
interventions. Therefore, there was no a priori hypothesis about the impact of intervention
leadership on physical activity participation or body composition in preschoolers.
Intervention type. There are a variety of physical activity interventions targeting
preschool-aged children. The components of these interventions may focus on physical
activity programming (Parish et ah, 2007), environmental changes (Hannon & Brown,
2008; Cardon et al., 2009), or a combination (Fitzgibbon et al., 2006; Reilly et al., 2006).
The nature o f the intervention may moderate the effect of the intervention on physical
activity participation and body composition in preschoolers; however, no a priori
hypothesis was possible regarding which type of intervention would be superior.
Activity report. The methods used to report physical activity level vary. Many
studies employ objective measures through the use of accelerometry (Cardon et al., 2009;
Hannon & Brown, 2008; Reilly et al., 2006), pedometry (Cardon & De Bourdeaudhuij,
2007; Hands, Parker, & Larkin, 2006; McKee, Boreham, Murphy, & Nevill, 2005; Pate,
O ’Neill, & Mitchell, 2010), and heart rate monitors (Parish et al., 2007), while others rely
on more subjective tools including proxy-report measures such as, participant observation
by parents or teachers (Fitzgibbon et ah, 2006). Both Reilly (2010) and Oliver, Schofield,
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and Kolt (2007) concur that preschooler physical activity data collected through
subjective means is not as accurate as that collected using objective measures.
Furthermore, Adamo and colleagues found that approximately three-quarters of studies
utilizing proxy-reports overestimated physical activity level as compared to their
objectively measured counterparts (Adamo, Prince, Tricco, Connor-Gorber, & Tremblay,
2009). Despite these limitations, proxy-reported physical activity measures provide
important contextual data and are, therefore, critical information sources when trying to
paint an accurate portrait of current trends in physical activity participation among
preschoolers. As self-report measures tend to overestimate physical activity behaviours,
coupled with participants’ desires to please the researcher (i.e., social desirability), it was
hypothesized that those interventions, which quantified physical activity participation
using self-report or proxy-report measures, would show more success in behaviour
change.
Location of play (outdoors versus indoors). Research has shown that the
location of play (i.e., outdoor play) has an effect on the amount of moderate-to-vigorous
physical activity exhibited by children (Baranowski, Thompson, Durant, Baranowski, &
Puhl, 1993; McKenzie, Sallis, Nader, Broyles, & Nelson, 1992). Consequently, it was
hypothesized that those interventions offering outdoor playtime would demonstrate
higher levels of MVPA than those interventions where physical activity occurred indoors.
Nature of physical activity. Physical activity opportunities may be provided in
either a structured or unstructured format. As such, researchers may utilize either type of
activity, or a combination of both, during an intervention. Given the sporadic nature of
preschoolers’ behaviours, it was hypothesized that interventions incorporating more
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unstructured physical activity would be more efficacious at improving physical activity
participation.
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Chapter 3: Method
This chapter identifies the steps that were taken to collect the appropriate
literature (i.e., intervention studies) required for this meta-analysis. A discussion about,
and rationale for, inclusion and exclusion criteria is presented, followed by strategies to
ensure trustworthiness and quality of the data collected. Lastly, data analysis
methodology and interpretation of effect size values are discussed.
Data Collection
This meta-analysis included all available published literature on physical activity
interventions, which provided physical activity participation and/or body composition
outcomes among preschoolers worldwide. Therefore, in order to collect all applicable
research, nine databases were systematically searched for articles pertaining to the subject
matter. These databases included: a) Scopus; b) CINAHL (Cumulative Index to Nursing
and Allied Health Literature); c) Embase; d) PubMed; e) ProQuest; f) Medline; g)
PsychINFO;
h) SPORTDiscus; and i) the Physical Activity Index. Each database was searched using
several combinations and variations of keywords outlined as follows: a) preschool; b)
preschooler; c) exercise; d) physical activity; e) obesity; f) young child; g) daycare;
h) child care; i) childhood obesity intervention; and j) toddler.
The reference lists of studies that met the inclusion criteria were also examined
for additional studies that were considered appropriate for inclusion in the meta-analysis
or that directed the researchers to additional sources of information. Journal searches
were undertaken and focused on those publications that were most likely to print research
pertinent to physical activity and/or body composition in preschool children. These
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journals included the American Journal o f Health Behaviour, Obesity, the British
Medical Journal, Research Quarterly fo r Exercise and Sport, Preventive Medicine,
Pediatric Exercise Science, and the International Journal o f Pediatric Obesity. Lastly, 30
expert researchers were contacted to inquire about unpublished data. If successful, this
step helps to alleviate the ‘file drawer’ problem inherent to the research process (i.e.,
when researchers attempt to publish studies in peer reviewed journals and other scholarly
publications but are rejected because the findings are not significant or do not change the
understanding of, or significantly add to, the research body; Rosenthal, 1979).
Inclusion Criteria
Several criteria guided the inclusion of studies in the meta-analysis. Only those
studies that were written or translated in English were included in the analysis.
Intervention studies that provided data pertaining to physical activity and/or body
composition in preschool-aged children, and that incorporated the use of some type of
physical activity intervention (e.g., physical activity, environmental), were included. For
the purpose of this meta-analysis, ‘physical activity’ was defined as any “bodily
movement produced by skeletal muscles that results in energy expenditure” (Caspersen,
Powell, & Christenson, 1985, p. 126). These studies had to include the statistics
necessary to compute an effect size (i.e., quantitative measures of physical activity and/or
body composition in a pre-post or between-groups format) to be considered for inclusion.
Additionally, studies were only included if the intervention targeted preschool-age
children, rather than interventions directed at the child care centre (“child-level” versus
“centre-level” results). Interventions aimed at the centre (e.g., policy changes) may
produce changes in child activity behaviour and/or body composition; however, if they
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did not produce child-level data, it was impossible to know the impact these interventions
had on the preschoolers in their care. Researchers have included children as young as 2
years (Dennison, Russo, Burdick, & Jenkins, 2004; McGarvey et al., 2004; Parish et ah,
2007), and as old as 7 years (Sigmund, De Ste Croix, Miklankova, Fromel, 2007) when
defining ‘preschool-age’. Due to the varying definition o f ‘preschool-age’ in international
literature, for the purposes of this project, studies had to include interventions targeting
children between the ages of 2 and less than 6 years at the outset of the intervention.
Dependent Variables
As mentioned above, studies were included in the meta-analysis if they contained
data pertaining to physical activity behaviours and/or body composition outcomes in
preschool-aged children. Generally speaking, physical activity behaviours were captured
using four dependant variables, each with multiple assessment methods: a) moderate-tovigorous physical activity (objectively measured); b) light physical activity (objectively
measured); c) physical activity counts (objectively measured); and d) proxy-reported
physical activity (i.e., participant observation or report by parents, teachers or both;
subjectively measured). Body composition, a single dependent variable, was captured
using variations of weight and height measures (e.g., weight [kg], body mass index,
standardized BMI [z-BMI], BMI standard deviation [YD] scores; all objective measures
of body composition). A wide range of additional measures were included as dependent
variables as the research progressed to account for studies that used alternative means to
assess physical activity and/or body composition.
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Trustworthiness and Quality of Data
Initially, studies were systematically retrieved and filtered by one researcher.
Once this process was complete, all studies included in the meta-analysis were assessed
by four researchers (he., the researcher who initially retrieved and filtered the data plus
three additional researchers) for inclusion in the final analysis. A coding sheet of
variables (Appendix A) was drafted based on the moderators that were deemed worthy
for inclusion from a conceptual standpoint. This coding sheet was continually reviewed
and revised, as necessary, by the research team (i.e., four researchers) during the data
coding process.
Initially, one researcher coded (i.e., entered relevant data) the selected studies.
Data were entered into Microsoft (MS) Excel in the following formats: a) means and
standard deviations; b) percentages; c) means and 95% confidence intervals (CI95); and,
d) mean difference and CI95. A two-stage process was employed to ensure the accuracy
of the data entered into the data management software. First, the primary investigator
checked the data entries for errors and/or omissions. Second, the research team,
employed ‘data checking’ to ensure that the data entered were free of errors or omissions.
Any questions that arose, or discrepancies pertaining to the coded data, were discussed
and agreed upon by the research team before proceeding further.
Data Analysis
Following completion of the data coding stage (and consensus from the research
team that the data entered were accurate), the data were transferred from MS Excel
(“Excel”) to the Comprehensive Meta-Analysis (CMA) software program (Borenstein,
Hedges, Higgins, & Rothstein, 2005).
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Calculation of effect sizes. Using CMA, effect sizes were calculated utilizing the
data entered in the previous stages. Several effect size calculations were available.
Hedges g was selected because it estimates the population effect size when there is
variability in both sample size and variance (Hedges, 1981, 1982; Hedges & Olkin,
1985). Cohen’s (1988) interpretation of effect sizes was used whereby a large effect is
consistent with a Hedges g of 0.80, a medium effect with a Hedges g of 0.50, and a small
effect with a Hedges g of 0.20.
Steps were then undertaken to reduce the total number of effect sizes. O f the 19
studies, 11 presented data (as least in part) for both intervention and control groups. In
these cases, in order to determine the effectiveness of the intervention, effect sizes were
calculated for both the intervention and control groups. This data was then transferred
back to MS Excel where the difference between

E S controi

and

E S j ntervention

was calculated

(EScomroi - ESjntervention)- For example, Trost and colleagues (2008) presented study data in
a pre-/post- intervention format for both the experimental and control groups. Effect sizes
were calculated separately for the control and intervention groups. These values were
then subtracted, resulting in a single ES, indicating the combined effect of the
intervention. These new values, now reflecting the sum effect of a study on a given
dependent variable, were then used in the calculation of overall mean and moderator
variable effect sizes. Data for the eight remaining studies, presented in pre-/postintervention format, were entered into Excel with the ‘pre-intervention’ data placed in the
‘control’ column as baseline data, while the post-intervention data was set in the
‘experimental’ column. No additional calculations were required.
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Meta-analytic model. A fixed effects or random effects model may be employed
when calculating and interpreting effect sizes (Field, 2001; Hunter & Schmidt, 2000).
The guiding principle in a fixed effects model suggests that all included studies have the
same treatment effect size, while a random effects model does not assume a common (or
“fixed”) effect (Fields, 2001). Despite the research team’s best efforts, there is a
possibility that some studies, relevant for the current meta-analysis, were not retrieved;
thus, a random effects model was used to allow for generalizability beyond the sample of
studies included in the meta-analysis (Fields, 2001; Hunter & Schmidt, 2000).
Furthermore, a random effects model was selected because Hunter and Schmidt (2000)
have noted that a fixed effects model results in greater Type 1 error rates and narrower
confidence intervals, which can exaggerate the accuracy of a meta-analysis.
Tests for statistical significance. There are multiple methods for determining the
statistical significance of the calculated effect sizes (Hunter & Schmidt, 2000). For the
purpose of this study, the 95% confidence interval (CI95) was used to ascertain whether
the effect sizes were significantly different from zero. As such, significant effect sizes are
those with 95% confidence intervals that do not include, or pass through, zero (Hedges &
Olkin, 1985; Lee & Miller, 2009).
To assess if significant differences existed between effect sizes among moderator
variables (when two or more groups of data were available, each with no less than two
effect sizes), a one-way Analysis of Variance (ANOVA) was conducted (i.e., one for
each moderator variable) using the Statistical Package for Social Sciences, Version 19
(SPSS). In all instances, ‘Hedges g' was marked as the ‘dependent variable,’ with each of
the aforementioned moderator variables substituted in for the ‘factor’ of interest. After
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the initial analysis was conducted in SPSS, data were recoded (see Appendix C) and
analyzed further. When significant differences between effect sizes emerged, and when
three or more groups of data were available, Bonferroni post-hoc tests were conducted to
determine where the significant differences occurred within the moderator variable.
Data interpretation. Using SPSS, the research team conducted frequency
analyses on the data, looking at both the dependent variables and the moderator variables.
In some cases, dependent variables and moderator variables yielded insufficient effect
sizes. Therefore, the 34 dependent variables were recoded and collapsed into 5 main
categories: a) body composition (e.g., BMI); b) moderate-to-vigorous physical activity
(MVPA); c) light physical activity (LPA); d) physical activity counts (PA counts); e)
proxy-reported physical activity. The moderator variables were also recoded and
collapsed into larger categories (Appendix C).
Robustness of findings. To provide an indication of the robustness of the
findings, the “Fail Safe V” statistic (Rosenthal, 1979) was calculated for the five
categories of dependent variables and for the eight moderator variables within each
dependent variable category (where applicable). The Fail Safe N indicates the number of
studies containing null results that one would need to find, which would render the results
from this project trivial or non-significant. This value helps to determine the extent to
which publication bias may be present as it pertains to the current topic of research
(Rosenthal, 1979; Scargle, 2000). The Fail Safe N was calculated for all statistically
significant findings. Given that this value refers to the number of publications that one
would need to find to render a study’s findings non-significant, it was not appropriate to
calculate this value for results that were already deemed ‘non-significant.’
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The Fail Safe N was computed by multiplying the number of effect sizes for a
given variable (K) by the difference between the mean effect size (i.e., Hedges g) for all
included studies inclusive of this moderator variable and the estimate of a trivial effect
size

(d triv ia i)

■This value was then divided by

d triViai,

which resulted in the Fail Safe N

measure.
This calculation method was a departure from the expected method for calculating
the Fail Safe N, whereby the mean effect size (mean d) would include all studies included
in the meta-analysis (i.e., 19 studies in this analysis) and K would represent ‘studies’ (i.e.,
19 studies) rather than ‘effect sizes’. However, as the studies in this analysis involved an
array of variables, and as no two studies were exactly alike, the research team felt it was
more responsible, and the resulting value would have more meaning, if K reflected only
the actual number of effect sizes focusing on the moderator variable of interest.
Consequently, this value differs for each Fail Safe N calculation. Furthermore, as
combinations of moderator variables differed for each study, it would not have been
accurate to calculate K utilizing the final number of studies in the overall analysis.
Therefore, the Fail Safe N was calculated using the number of effect sizes obtained from
the 19 included studies that utilized the moderator variable of interest.
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Chapter 4: Results
Descriptive Statistics
As a result of the literature searches described above, a total of 249 articles were
comprehensively reviewed and 19 studies met the inclusion criteria. The studies in this
meta-analysis yielded a total of 179 effect sizes (ES). After steps were taken to reduce
effect sizes (e.g., when data were presented in a pre-/post- intervention format for both
the experimental and control group), a total of 112 effect sizes were used for analyses.
A wide range of dependent variables related to physical activity and/or body
composition were identified in the 19 studies, 34 of which were deemed appropriate and
subsequently coded. As noted previously, the 34 dependent variables were recategorized
into five general categories: a) body composition; b) MVPA; c) LPA; d) PA counts; and,
e) proxy-reported physical activity. The dependent variables were recategorized in order
to create larger groupings, consequently resulting in more meaningful data for
interpretation. Table 1 presents a listing of the specific measures included in the original
studies and their subsequent categorization for the present meta-analysis.
The mean age of participants was 4.3 years, with a minimum age of 2.6 and a
maximum age of 5.5 years. Studies were conducted in the United States (n = 13; 75 ES),
Scotland (n = 1; 8 ES), Australia {n = 1; 6 ES), France (n = 1; 2 ES), Belgium, (n - 1; 9
ES), Thailand (n = 1; 6 ES), and Israel (n = 1; 6 ES). In terms of ethnicity, participants
were classified as multiracial (n = 4 studies; 18 ES), White (n = 3 studies; 25 ES), Latino
(n = 2 studies; 11 ES), Thai (n = 1 study; 6 ES), and African American (n = 1 study; 3
ES).
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Table 1
Categorization o f Dependent Variables

Variable Label

Variables Included Under Label

Body composition

BMI - objectively measured, BMI percentile for age and sex,
BMI change score, BMI SD score - objectively measured,
Adjusted BMI z-score, Standardized BMI change score, Weight
in kilograms divided by height cubed in meters (WHCU),
Triceps skinfold thickness (TSF), Percentage overweight unadjusted BMI > 90th percentile, Body fat percentage (%),
Obese (greater than 95tfi percentile), Overweight (85-95th
percentile), Weight (kilograms)

Moderate-tovigorous physical
activity (MVPA)

Moderate activity (minutes), Vigorous activity (minutes),
Percent time in moderate physical activity, Percent time in
vigorous physical activity, Percent time in moderate-to-vigorous
physical activity, Physical activity heart rate greater than 50% of
resting heart rate index (PAHR>50 Index), Percent time in
moderate-to-vigorous physical activity (% MVPA), Moderateto-vigorous physical activity in the classroom and outside
(MVPA - Classroom + Outside), Vigorous physical activity in
the classroom and outside (VPA - Classroom + Outside)

Light physical
activity (LPA)

Percent time in light physical activity

Physical activity
counts

Activity counts per minute (pedometer or accelerometer),
Physical activity level (PAL) based on pedometer counts, Steps
per day (pedometer)

Proxy-reported
physical activity

Parent reporting (“More than enough [activity],” “About the
right amount [of activity],” “Not enough [activity]”), Researcher
observed total physical activity - Environment and Policy
Assessment and Observation (EPAO), Researcher reporting
(“Active play item,” “Family activity item”), Teacher observed
physical activity, Exercise frequency
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Overall Effect Sizes for Dependent Variable Categories
Table 2 contains a summary of analyses pertaining to the overall effectiveness of
interventions targeting preschoolers in relation to the five categories of dependent
variables. Results indicated that interventions were associated with small-to-moderate
effects on body composition (Hedges g = 0.28), light physical activity (Hedges g = 0.27),
physical activity counts (Hedges g - 0.40), and proxy-reported physical activity (Hedges
g = 0.31). Furthermore, these interventions were associated with moderate effects on
children’s level of moderate-to-vigorous physical activity (Hedges g = 0.51). The effect
sizes for three of the five categories of dependent variables (i.e., body composition,
MVPA, and PA counts) were considered significantly different from zero; that is, the
95% confidence interval associated with these effects did not include or pass through
zero (Hedges & Olkin, 1985). Between the dependent variables, ANOVA results
indicated that there were no significant differences in effect sizes, F(6, 121) = .91, p =
.49.
Overall Effectiveness of Moderator Variables
Table 3 contains a summary of the analyses pertaining to the overall effectiveness
of several moderator variables (e.g., characteristics of the interventions targeting
preschoolers) on the five categories of dependent variables.
Intervention length. Large overall effect sizes were observed for interventions
that lasted less than 4 weeks (Fledges g = 0.84), while those 12 to 26 weeks in duration
were associated with a small-to-moderate effect (Hedges g = 0.28). Both effect sizes were
significantly different from zero (p < .05). Additionally, interventions 4 to 12 weeks
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Table 2
Overall Effect Sizes (N = 112), Standard Deviations (SD), 95% Confidence Intervals
(CI95 ), and Fail Safe N Values fo r Recategorized Dependent Variables

Dependent
Variable

Number
of Effect
Sizes

Mean
Effect
Size
(Hedges g)

SD

ci95a

Significance

Fail
Safe N

Body
composition

39

0.28

0.52

[.11 ,.45]

*

179

MVPAb

39

0.51

0.88

[.23, .80]

*

358

LPAC

11

0.27

0.48

[-.051, .59]

PA countsd

14

0.40

1.15

[-.26,-1.07]

*

98

Proxy PAe

9

0.31

0.60

[-.14, .77]

Note. An effect size is considered significantly different from zero if the 95% confidence
interval does not include or pass through zero (Hedges & Olkin, 1985).
aCl95 = 95% confidence interval; bMVPA = moderate-to-vigorous physical activity;
CLPA = light physical activity; dPA counts = physical activity counts; eProxy PA = proxyreported physical activity*
*p < .05
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Table 3
Effect Sizes, Standard Deviations (SD), 95% Confidence Intervals (CI95), and Fail Safe N
Values fo r Moderator Variables
Moderator
Variable

Number
o f Effect
Sizes

Intervention length (weeks)
<4.00
31
11
4.01-12.00
12.01-26.00
51
8
26.01-52.00

Intervention location
Early-learning
86
environment
24
Home-based
component

Intervention leadership
Teacher
51
6
Parent
24
Trained
personnel

Intervention type
PA5
Education
ECC
PA + Ed

20
17
30
45

Activity reporting method
Accelerometer
63
Heart rate
3
monitor
13
Pedometer
21
Observation

r

Mean Effect
Size
(Hedges g)

SD

C I95 a

Significance*

Fail
Safe N

0.84
0.24
0.28
0.21

.73
.44
.79
.56

[.58, 1.11]
[-.05, .54]
[.05, .50]
[-.25, .67]

*

489

*

234

0.38

.76

[.22, .55]

*

567

0.33

.74

[.02, .64]

*

134

Ò.12
-0.35
0.25

.34
.48
.69

[.02, .22]
[-.85, .15]
[.09, .41]

*

71

*

96

0.28
0.06
0.65
0.36

.47
.47
.88
.81

[.06, .49]
[-.18, .31]
[.32, .98]
[.12, .60]

*

92

*
*

360
279

0.45
0.99

.80
.18

[.25, .65]
[.54, 1.45]

*
*

504
56

0.48
0.21

1.17
.39

[-.22, 1.19]
[.04, .39]

*
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Activity reporting method - subjective versus objective
0.20
.39
[.02, .38]
Objective
20
[.28, .66]
0.47
.85
Subjective
80

*
*

60
672

Location of play
Indoor
Outdoor
Mixed

8
30
12

Nature of physical activity
Structured
46
24
Unstructured

0.28
0.65
0.40

.52
.88
1.24

[-.15, .72]
[.32, .98]
[-.39, 1.19]

*

360

0.24
0.91

.70
.80

[.03, .45]
[.57, 1.25]

*
*

174
412

aAn effect size is considered significantly different from zero if the 95% confidence
interval does not include or pass through zero (Hedges & Olkin, 1985); bPA = physical
activity; cEC = environmental changes; dPA + E = physical activity + education
V < .05
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(Hedges g = 0.24) and 26 to 52 weeks (Hedges g = 0.21) in duration were associated with
moderate-to-large effect sizes but were not statistically significant (p > .05). A follow-up
one-way between-groups ANOVA indicated there were statistically significant
differences between intervention lengths, F(3, 97) = 4.59, p = .01. Bonferroni post-hoc
analyses revealed that overall (i.e., for all dependent variables combined), interventions
administered for less than 4 weeks (M= .84) were significantly superior to those lasting
12.01-26.00 weeks (M= .28).
Intervention location. Interventions that took place in early-leaming
environments (e.g., child care centres, preschool programs, nurseries; Hedges g = 0.38)
and those that incorporated a home-based component (Hedges g = 0.33) had small-tomoderate effects on the five dependent variables. Both effect sizes were significantly
different from zero (p < .05). However, a follow-up one-way between-groups ANOVA
revealed that the differences between intervention locations were not statistically
significant,

1, 108) = .10, p = .75.

Intervention leadership. Interventions led by teachers (Hedges g = 0.12) and
trained personnel s (e.g., professional youth coach, research coordinator; Hedges g =
0.25) had small, statistically significant (p < .05), effects on the outcome variables.
Interventions led by parents had a small-to-moderate negative effect (Hedges g = -0.35)
on the dependent variables, although this effect size was not significantly different from
zero (p > .05). ANOVA results identified statistically significant differences between the
different intervention leaders, F(2, 78) = 9.48,/? < .001. Bonferroni post-hoc tests
revealed that interventions were more successful under the guidance of trained personnel
s versus either teachers (M = .12) or parents ( M - -.35).
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Intervention type. Interventions that incorporated only physical activity (Hedges
g = 0.28), or physical activity with an educational component (Hedges g = 0.36) had
small-to-moderate effects on the outcome variables. Interventions that focused on
environmental changes had a moderate-to-large effect (Hedges g = 0.65). Analyses
showed that all three of these effect sizes were significantly different from zero (p < .05).
Interventions utilizing education alone (Hedges g = 0.06) had virtually no effect on the
dependent variables. Follow-up one-way between-groups ANOVA tests were
approaching significance, but were not significantly different between the intervention
types included, F(2, 108) = 2.56, p = .06.
Activity reporting method. Interventions that assessed preschoolers’ level of
physical activity using accelerometers (Hedges g = 0.25) or participant observation (i.e.,
by parent, teachers, or trained researchers; Hedges g = 0.25) had small yet significant (p
< .05) effects on the dependant variables. Interventions that used pedometers to measure
physical activity were associated with a moderate (Hedges g = 0.25), non-significant (p
> .05) effect. Finally, interventions that utilized heart rate monitoring (Hedges g = 0.99)
had a very large, statistically significant (p < .05) effect on the outcome variables.
Follow-up one-way between-groups ANOVA results showed that the differences
between activity reporting methods were not statistically significant, F(3, 96) = 1.07,/? =
.37.
Activity reporting - objective versus subjective methods. For additional
comparisons with the physical activity dependant variables, the physical activity
measures used in the studies included in the meta-analysis were categorized into
objective (i.e., accelerometer, pedometer, and heart rate monitor) and subjective (i.e.,
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proxy-reported physical activity) methods. Results revealed that interventions that used
subjective physical activity assessments were associated with a small effect size (Hedges
g = 0.20), whereas those that used objective measures had a moderate effect (Hedges g =
0.47) on the physical activity-dependent variables. Both effect sizes were significantly
different from zero (p < .05). Follow-up one-way between-groups ANOVA results
suggested that there were no statistically significant differences between subjective and
objective reporting methods, F (l, 98) = 1.92,/? = .17.
Location of play. Interventions that incorporated indoor (Hedges g = 0.28) or
‘mixed’ play time (i.e., play time occurred both indoors and outdoors; Hedges g = 0.40)
had small-to-moderate non-significant (p > .05) effects on the dependent variables. In
contrast, when the intervention afforded outdoor play time, a moderate-to-large (Hedges
g = 0.65) - and statistically significant (p < .05) - effect size was observed. According to
the follow-up one-way between-groups ANOVA results, the location of play had no
statistically significant effect on the outcome measures, F(2, 47) = .64, p = .53.
Nature of physical activity. Interventions that had preschoolers engage in
structured activities yielded a small effect (Hedges g = 0.24), while those that utilized
unstructured activities had a large effect (Hedges g = 0.91). Both effect sizes were
significantly different from zero (p < .05). Follow-up one-way between-groups ANOVA
results suggested that interventions utilizing more unstructured physical activity resulted
in greater improvements in physical activity participation amongst preschoolers, F(l,68)
= 12.97,/? = .001.
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Effects of Moderator Variables on Each Dependent Variable Category
Tables 4 through 8 contain summaries of analyses pertaining to the effects o f the
moderator variables (i.e., for which we had at least two effect sizes available1) on each of
the five categories of dependent variables.
Body composition.
Table 4 contains an overview of specific moderator variables on body
composition outcomes among preschoolers.
Intervention length. Interventions 4 to 12 weeks and 26 to 52 weeks in duration
had small, non-significant ip > .05) effects on body composition (Hedges g = 0.14 and
0.02, respectively), while those lasting 12 to 26 weeks were associated with a small
(Hedges g = 0.38) significant (p < .05) effect. A follow-up one-way between-groups
ANOVA indicated that intervention length was not a statistically significant predictor of
the effectiveness of interventions on body composition in preschoolers, F(2,34) = 1.29,p
= .29.
Intervention location. Interventions taking place in an early-learning environment
had a small (Hedges g = 0.09) significant (p < .05) effect on body composition outcomes
among preschoolers, while those with a home-based component were associated with a
large and significant effect (Hedges g = 0.85; p < .05). The results of the follow-up one
way between-groups ANOVA indicate that there was a statistically significant difference
between these intervention locations, suggesting that home-based environments are
preferable for effecting body composition outcomes among preschoolers, F(l,37) =
27.70, p < .001.

1 Thus, not all moderator variables will be described within each dependent variable.
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Table 4
Effect Sizes, Standard Deviations (SD), 95% Confidence Intervals (CIgf), and Fail Safe N
Values o f Moderator Variables on Body Composition
Moderator
Variable

Number
of Effect
Sizes

Intervention length (weeks)
3
4.01-12.00
28
12.01-26.00
26.01-52.00
6
Intervention location
Early-learning
29
environment
Home-based
10
component
Intervention leadership
20
Teacher
Trained
19
personnel

Mean Effect
Size
(Hedges g)

SD

ci95a

Significance*

Fail
Safe N

0.14
0.38
0.02

.08
.58
.13

[-.04, .33]
[.15, .60]
[-.12,.16]

*

184

0.09

.12

1.04, .13]

*

23

0.85

.78

[.30,1.41]

*

160

0.10
0.47

.13
.69

[.04, .16]
[.14, .81]

*
*

20
159

*

184

*

162

*

21

*
*

163
21

Intervention type
PÄ6
Education
PA + Ec

6
5
28

0.02
0.08
0.38

.13
.10
.58

[-.12,.16]
[-.05, .20]
[.15, .60]

Activity report
Accelerometry
Pedometer
Observation

10
5
12

0.86
0.06
0.14

.77
.10
.13

[.30,1.41]
[-0.06, .18]
[.05, .22]

Activity report - objective versus subjective measures
.18
[.17, .94]
16
0.56
Objective
.04
[.05, .22]
12
0.14
Subjective

aAn effect size is considered significantly different from zero if the 95% confidence
interval does not include or pass through zero (Hedges & Olkin, 1985); bPA = physical
activity; CPA + E = physical activity + education
*

p < .05
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Intervention leadership. Interventions led by teachers had a small (Hedges g =
0.10), yet significant (p < .05), effect on body composition, while interventions led by
trained personnel s had a moderate significant (Hedges g = 0.47; p < .05) effect on this
measure. Follow-up one-way between-groups ANOVA results indicated that there was a
statistically significant difference between intervention leaders, F(l,37) = 5.71 ,p = .02.
This suggests that trained personnel s appear to be better equipped to alter preschoolers’
body compositions when leading interventions.
Intervention type. Interventions utilizing physical activity plus education had a
small significant effect (Hedges g = 0.38; p < .05) on body composition. Those
interventions employing physical activity or education alone were associated with small,
non-significant effects (Hedges g = 0.02 and 0.08 respectively; p > .05) insofar as body
composition measures are concerned. Follow-up one-way between-groups ANOVA
results revealed no statistically significant difference between intervention types on body
composition outcomes in preschoolers, F(2,36) - 1.67,p = .20.
Activity report. In terms of body composition, small effects were observed for
interventions that used pedometers or participant observation measures (Hedges g = 0.06
and 0.14 respectively), while a large effect was observed for those that used
accelerometers (Hedges g = 0.86). The effect sizes for both accelerometers and
observation were significantly different from zero (p < .05). Follow-up one-way betweengroups ANOVA results indicated statistically significant differences between the types of
activity reporting methods, F(2,24) = 7.46, p < .01. Bonferroni post-hoc analyses suggest
that accelerometers (M = .86) were a superior measurement tool over pedometer-use (M
= .06) or participant observation (M = .14).
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Activity report

-

objective versus subjective methods. Interventions that included

objective physical activity measures had a moderate effect (Hedges g = 0.56) on body
composition outcomes, while those that used subjective measures had a small effect size
(Hedges g = 0.14). The effect sizes for both types of activity were significantly different
from zero (p < .05). Follow-up one-way between-groups ANOVA results suggested that
neither measurement type was superior over the other, F(\,26) = 3.95,p = .06.
Moderate-to-vigorous physical activity
Table 5 contains an overview of specific moderator variables on the level of
moderate-to-vigorous physical activity among preschoolers.
Intervention length. Interventions less than 4 weeks in duration had a large
significant effect (Hedges g = 1.28;p < .05) on MVPA, while interventions lasting 4 to
12 or 12 to 26 weeks had small, non-significant effects (Hedges g = 0.28 and -0.18
respectively; p > .05) on MVPA. Follow-up one-way between-groups ANOVA results
suggested that there were statistically significant differences between intervention lengths
on preschoolers’ level of MVPA, F(2,30) = 17.12,/? < .001. Bonferroni post-hoc analyses
indicated the greatest effect was achieved when interventions were less than 4 weeks in
duration as compared to those 4 to 12 weeks (M = .28) or 12 to 26 weeks (M = -.18) in
length.
Intervention location. The early-learning environment had a moderate and
significant effect (Hedges g = 0.66; p < .05) on preschoolers’ level of MVPA, while
interventions with a home-based component were associated with a small, negative, and
non-significant (Hedges g = -0.28; p > .05) effect. ANOVA results indicated the
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Table 5
Effect Sizes, Standard Deviations (SD), 95% Confidence Intervals (CIgf, and Fail Safe N
Values o f Moderator Variables on Moderate-to-Vigorous Physical Activity
Mean Effect
Size
(Fledges g)

SD

c i 95a

Significance*

Fail
Safe N

1.28
0.28
-0.18

.76
.52
.43

[.88, 1.68]
[-.15, .72]
[-.51,.15]

*

393

0.66

.86

[.35, .96]

*

-0.28

.51

[-.82, .26]

Intervention leadership
Teacher
20
4
Parent

0.24
-0.42

" .50
.60

[.01, .48]
[-1.37, .531

*

76

Intervention type
PA6
Education
ECC
PA + Ed

12
4
18
5

0.43
-0.42
0.92
0.01

.55
.60
1.00
.02

[.08, .78]
[-1.37, .53]
[.42, 1.42]
[-.01,.031

*

91

*

313

Activity report
Accelerometry
Heart rate

36
3

0.47
0.99

.90
.18

[.17, .78]
[.54, 1.45]

*
*

302
56

Location of play
Indoor
Outdoor

8
19

0.28
0.87

.52
1.00

[-.15, .72]
[.38, 1.351

*

311

0.33
1.36

.50
.83

[.06, .60]
[.85, 1.841

*
*

89
339

Moderator
Variable

Number
of Effect
Sizes

Intervention length (weeks)
<4.00
16
4.01-12.00
8
12.01-26.00
9
Intervention location
Early-learning
33
environment
6
Home-based
component

Nature of physical activity
Structured
16
13
Unstructured

aAn effect size is considered significantly different from zero if the 95% confidence
interval does not include or pass through zero (Hedges & Olkin, 1985); bPA = physical
activity; cEC = environmental changes; dPA + E = physical activity + education
*p < .05
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superiority of interventions utilizing early-learning environments instead of home-based
locations for this outcome measure, F (l, 37) = 6.61, p = .01.
Intervention leadership. Interventions led by teachers had a small, significant
(Hedges g = 0.24; p < .05) effect on preschoolers’ level of MVPA, while interventions
led by parents were associated with a small, negative, and non-significant (Hedges g =
-0.42; p > .05) effect. Follow-up one-way between-groups ANOVA results indicated that
interventions led by teachers were more successful at bringing about a change in
preschoolers’ level of MVPA than those interventions led by parents, F(l,22) = 5.63, p =
.03.
Intervention type. Interventions that only included physical activity had moderate
effects on MVPA (Hedges g = 0.43; p < .05), while those that included physical activity
plus education had virtually no effect on MVPA (Hedges g = 0.01, /? > .05). Those that
were education-based had a small-to-moderate negative effect (Hedges g = -0.42; p >
.05). Interventions focused on environmental changes had a large effect on MVPA
(Hedges g = 0.92; p < .05). ANOVA analyses revealed significant differences betweengroups, F(3,35) = 4.24,/? = .01. Bonferroni post-hoc analyses indicated that
environmental changes (M = .92) were significantly more effective than interventions
utilizing education alone (M = -.42). There were no statistically significant differences
between environmental changes and physical activity alone (M = .43,/? = .62) or physical
activity plus education components (M = .01,/? = .17).
Activity report. With regard to MVPA, interventions that incorporated an
accelerometry-based measure of physical activity had a small-to-moderate (Hedges g =
0.47) effect, while those that utilized heart rate monitoring had a large effect (Hedges g =
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0.99). Significant effect sizes were observed for both reporting methods [p < .05).
However, follow-up one-way between-groups ANOVA indicated that, when reviewing
the effects of different assessment tools, there were no statistically significant differences
between the activity reporting methods and the level of reported MVPA, F(l,37) = .97, p
= .33.
Location of play. Interventions where preschoolers played indoors had a small,
non-significant effect (Fledges g = 0.28; p > .05) on MVPA, whereas those that involved
outdoor play had a large and significant effect (Hedges g = 0.87, p < ,05). Despite this,
follow-up one-way between-groups ANOVA established no statistically significant
differences in terms of level of MVPA when children played indoors versus outdoors,
F(l,25) = 2.40,/? = .13.
Nature o f physical activity. Interventions that utilized structured activities had a
small-to-moderate (Hedges g = 0.33) effect on MVPA, while those that consisted of
unstructured activities had an extremely large effect on the degree of engagement in
MVPA (Hedges g = 1.36). Both effect sizes were significantly different from zero {p <
.05). Follow-up one-way between-groups ANOVA results suggest statistically significant
differences between the conditions. Specifically, these results highlight unstructured
physical activity as superior to structured activity on preschoolers’ level of MVPA,
F (l,2 7)= 16.59,/? <.001.
Light physical activity
Table 6 contains an overview of the effect of specific moderator variables on the
level of light physical activity among preschoolers.
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Table 6
Effect Sizes, Standard Deviations (SD), 95% Confidence Intervals (CIgf, and Fail Safe N
Values o f Moderator Variables on Light Physical Activity
Number
of Effect
Sizes

Moderator
Variable

Mean Effect
Size
(Hedges g)

Intervention length (weeks)
<4.00
1
7
1
Intervention type
EC6

I

9

0.57.......r . 2 5

r " ” 6■3 i

Nature of physical activity
Unstructured |
7
[

SD

0.57

Significance

c i 95a

~T-34,' .81]' ~

*

T ■52 T "~f:;p8; .7 jY~ T
.25 [

[.34, .81]

*

Fail
Safe N

f~ ~72

r. . . .

1______ *_____ 1

aAn effect size is considered significantly different from zero if the 95% confidence
interval does not include or pass through zero (Hedges & Olkin, 1985); ECb =
environmental changes
*p < .05

72
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Intervention length. Interventions that were less than 4 weeks in duration had a
moderate, significant effect (Hedges g = 0.57; p < .05) on LPA.
Intervention type. Interventions that consisted of environmental changes alone
had a small-to-moderate, non-significant effect on LPA (Hedges g = 0.31, p > .05).
Nature o f physical activity. Interventions that utilized unstructured activities had
a moderate, statistically-significant effect on LPA (Hedges g = 0.57; p < .05).
Physical activity counts
Table 7 contains an overview of the effect of specific moderator variables on
physical activity counts in preschool-aged children.
Intervention length. For physical activity counts, a small, significant (Hedges g =
0.29; p < .05) effect was observed for interventions lasting less than 4 weeks, while
interventions that lasted 12 to 26 weeks were associated with a moderate, non-significant
(Hedges g = 0.46; p > .05) effect. Follow-up one-way between-groups ANOVA indicated
no significant differences between the groups, suggesting that neither intervention length
was more effective for increasing physical activity counts in preschoolers,

1,12) = .07,

p = .80.
Intervention location. Interventions that took place in an early-learning
environment had a moderate, non-significant (Hedges g = 0.52; p > .05) effect on
physical activity counts, while home-based interventions were associated with a small yet
significant (Hedges g = 0.24; p < .05) effect. As determined by follow-up one-way
between-groups ANOVA, there was no advantage to using either intervention location
for increasing preschoolers’ physical activity counts, F(l,12) = .20, p - .67.
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Table 7
Effect Sizes, Standard Deviations (SD), 95% Confidence Intervals (CI95), and Fail Safe N
Values o f Moderator Variables on Physical Activity Counts
Moderator
Variable

Number
of Effect
Sizes

Intervention length (weeks)
5
<4.00
9
12.01-26.00
Intervention location
Early-learning
8
environment
Home-based
6
component
Intervention leadership
Teacher______ |
8
Intervention type
Education
PA + Eb

j

4
9

Nature of physical activity
Structured
1
7
|

Mean Effect
Size
(Hedges #)

SD

CI95a

Significance*

Fail
Safe N

0.29
0.46

.20
1.45

[.04, .55]
[-.65, 1.58]

*

24

0.52

1.54

[-.76, 1.81]

0.24

.22

[.01,.47]

*

22

-0.Ö2

] .02 [

[-.08, .04]

6.34
0.46

.20
1.45

[.02, .66]
[-.65, 1.58]

*

23

0.62

] 1.64 [ [-.90,2.13]

[____________

aAn effect size is considered significantly different from zero if the 95% confidence
interval does not include or pass through zero (Hedges & Olkin, 1985); bPA + E =
physical activity + education
*p < .05
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Intervention leadership. Interventions under the leadership of teachers yielded a
small negative, non-significant effect (Hedges g = -0.02; p > .05) on physical activity
counts in preschoolers.
Intervention type. Educational interventions had a small, significant (Hedges g =
0.34, p < .05) effect on physical activity counts, while interventions utilizing physical
activity plus education had a small-to-moderate, non-significant (Hedges g = 0.46, p >
.05) effect. The follow-up one-way between-groups ANOVA results suggested that
neither intervention type was more successful at increasing preschoolers’ physical
activity counts, .F(2,l1) = .05, p = .96.
Nature o f physical activity. Interventions that consisted of structured activities
had a moderate-to-large effect on physical activity counts (Hedges g = 0.62). This effect
size was not significantly different from zero (p > .05).
Proxy-reported physical activity
Table 8 contains an overview of the effect of specific moderator variables on
proxy-reported physical activity in preschoolers.
Intervention length. In terms of proxy-reported physical activity, interventions
that were less than 4 weeks in duration had virtually no effect (Hedges g ~ 0.08, p > ■05),
and those that lasted 12 to 26 weeks had a small effect (Hedges g = 0.26; p > .05). In
comparison, interventions that were 26 to 52 weeks in duration were associated with a
large, albeit non-significant, effect (Hedges g = 0.78; p > .05). The follow-up one-way
between-groups ANOVA results indicated that none of the intervention lengths were
superior when measuring proxy-reported physical activity, F(2,6) = .81 ,p = .49.
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Table 8
Effect Sizes, Standard Deviations (SD), 95% Confidence Intervals (CIg5j, and Fail Safe N
Values o f Moderator Variables on Proxy-Reported Physical Activity
Moderator
Variable

Number
of Effect
Sizes

Intervention length (weeks)
3
<4.00
4
12.01-26.00
2
26.01-52.00
Intervention location
Early-learning
5
environment
2
Home-based
component
Intervention leadership
2
Parent
4
Trained
personnel
Intervention type
Education
ECb
PA + Ec

4
3
2

Mean Effect
Size
(Hedges g)

SD

c i 95a

0.08
0.26
0.78

.20
.56
1.10

[-.41,-57]
[-.64, 1.15]
[-9.11, 10.67]

0.34

.40

[-.15, .83]

-0.22

.02

-0.22
0.75

1 .02
.65

0.26
0.08
0.78

.56
.20
1.10

Significance*

Fail
Safe N

[-.35,-.08]

*

10

[-.35, -.07]
[-.28, 1.79]

*

10

[-.64,1.15]
[-.41,-57]
[-9.11, 10.67]

aAn effect size is considered significantly different from zero if the 95% confidence
interval does not include or pass through zero (Hedges & Olkin, 1985); bEC =
environmental changes; CPA + E = physical activity + education
*p < .05
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Intervention location. Interventions that took place in an early-learning
environment had a small-to-moderate, non-significant effect (Hedges g = 0.34; p > .05)
on proxy-reported physical activity, while home-based interventions had a small,
negative, and significant effect (Hedges g = -0.22; p < .05) on this outcome variable.
Follow-up one-way between-groups ANOVA results suggested that neither intervention
location was superior for increasing proxy-reported physical activity, F{ 1,5) = 3.47, p =
. 12 .

Intervention leadership. Interventions led by trained personnel s (e.g.,
professional youth coach, research coordinator) were associated with a large, non
significant effect (Hedges g = 0.75; p > .05) with regard to proxy-reported physical
activity among preschoolers. In contrast, interventions led by parents were associated
with a small, negative, significant effect (Hedges g = -0.22; p < .05) on this same
outcome variable. ANOVA results suggested that neither type of leadership was superior
over the other when considering proxy-reported physical activity, F(l,4) = 3.94,p = .12.
Intervention type. Interventions that consisted of education (only) had a small
effect (Hedges g = 0.26), while interventions that focused on environmental changes had
virtually no effect (Hedges g - 0.08). In comparison, interventions that utilized a
combination of physical activity and educational components were associated with a
large effect (Hedges g = 0.78) on proxy-reported physical activity. None of these effect
sizes were significantly different from zero (p > .05). Follow-up one-way between-groups
ANOVA results indicated that none of these intervention types were superior to the
others, F(2,6) —.81,/? = .49.
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Chapter 5: Discussion
The primary objective of this meta-analysis was to determine the effectiveness of
physical activity interventions on physical activity participation and/or body composition
outcomes among preschool-aged children. A secondary objective was to consider the
effect of eight moderator variables (i.e., intervention length, location, leadership, and
type, activity reporting method [i.e., subjective and objective methods], location of play
[i.e., indoor versus outdoor], and nature of play [i.e., structured versus unstructured]) on
the physical activity behaviours and body composition outcomes of preschoolers.
Overall, physical activity interventions had a moderate effect on preschoolers’
level of MVPA, a small-to-moderate effect on physical activity counts and proxyreported physical activity, while only a small effect was observed for body composition
and light physical activity. These are promising findings; given preschoolers’ low levels
of activity, these results suggest that interventions do facilitate increased physical activity
participation among this cohort. Furthermore, the small effect of these interventions on
body composition was not unexpected as body composition changes are slow to take
effect and require sustained efforts (Berkey, Rockett, Gillman, & Colditz, 2003; Donnelly
et ah, 2003). Moreover, while the results of this analysis indicate that interventions
targeting MVPA are most effective when administered for less than 4 weeks, the long
term effects or sustainability of physical activity changes remains unclear as many
interventions did not garner follow-up information. Additionally, environmental changes
produced large effects on preschoolers’ engagement in MVPA; therefore, it is possible
that this accounts for the significant effects of interventions occurring for less than 4
weeks in duration. Consequently, it is important to interpret these results with caution.
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The results of this meta-analysis point to interventions as a viable option for generating
small changes in obesity prevalence and physical activity participation among young
children. Several findings, pertaining to the effects of various moderator variables on
each of the dependent variables, warrant further discussion.
The first notable finding concerns the nature and location of children’s physical
activity. Physical activity occurring outdoors had large effects on children’s MVP A. This
conclusion augments the research findings of numerous previous studies which purport
that physical activity among preschoolers is highly correlated with outdoor playtime
(Baranowski et al., 1993; Burdette, Whitaker, & Daniels, 2004; McKenzie et al., 1992;
Tucker, 2008). In addition, it was noted that unstructured physical activity also had large
effects on children’s MVPA behaviours. The current study’s finding that preschool-aged
children tend to engage in more physical activity when provided unstructured free-play
further strengthens the significance of research presented by Bailey and colleagues
(1995) and Timmons, Naylor, and Pfeiffer (2007). These findings may be important for
parents and childcare providers to consider when supporting activities and playtime
among preschoolers.
Physical activity interventions, which have targeted preschoolers’ activity
behaviours, have used a wide-variety of formats. Specifically, these PAIs can be
classified into four broad categories: a) physical activity participation interventions; b)
educational interventions; c) interventions with both physical activity participation and
education components; and, d) interventions involving environmental changes. With
regard to MVPA, the results of this research support the conclusion that environmental
interventions, such as the addition of portable playground equipment or pavement
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markings, show the most promise for increasing preschoolers’ level of physical activity.
These environmental changes may have the strongest impact on MVPA levels because
the environmental change took place in the outdoor environment (Cardon et al., 2009;
Hannon & Brown, 2008). Again, given the strong correlation between outdoor playtime
and physical activity among preschoolers (Baranowski et al., 1993), providing
environmental modifications, which result in supportive and activity-encouraging
outdoor play environments, may be the most effective approach to facilitating improved
activity behaviours. In contrast, when considering body composition, the findings of this
meta-analysis suggest that PAIs warrant a different approach. Specifically, the results of
this study indicate that the greatest effect was found when PAIs utilized both physical
activity participation and an educational component. This finding is supported by the
work of Braet and Van Winckel (2005) who suggest that a multidisciplinary approach is
necessary to help curb the prevalence of obesity among children.
A third finding worthy of discussion is the consideration of where the intervention
takes place. The present study supports the early-learning environment as an ideal venue
to offer physical activity interventions. Furthermore, the findings of this meta-analysis
encourage PAIs offered by teachers as a more successful approach than those offered by
parents. Due to the fact that many preschoolers often spend a good portion of their day in
the early-learning environment (Bushnik, 2006; Dowda et al., 2004; Mulligan et al.,
2005), this venue may be an appropriate location for implementing future PAIs (Tucker
& Irwin, 2008; Ward, 2010). This is especially true given children in early-learning
environments are a captive audience and parents of preschoolers have previously reported
their reliance on childcare staff/teachers to ensure their children are sufficiently active
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(Tucker, Irwin, Bouck, He, & Pollett, 2006). This suggests that future PAIs will be most
successful if they target preschoolers in the early-learning environment, led by childcare
teachers.
In contrast, home-based interventions led by trained personnel s seem to offer the
most success for changes in body composition. This finding might suggest the
importance of a supportive and leptogenic home environment, where parents and role
models encourage obesity preventing behaviours. This suggestion is supported by the
work of Epstein, Pulach, Gordy, and Dorn (2000) who identify the need for family-based
weight control interventions.
Researchers have previously suggested that objectively measured physical activity
is more reflective of true activity behaviours than data collected through subjective means
due to the tendency to over-report (Adamo et ah, 2009; Oliver et ah, 2007; Reilly, 2010).
Consequently, the research team hypothesized that those PAIs using self-report measures
would have greater success due to the tendency to over-report or inflate one’s level of
activity. However, the findings of this meta-analysis do not support this claim.
Surprisingly, this study revealed that interventions using heart rate monitoring had large,
significant effects on MVPA, while interventions using accelerometers had small-tomoderate, significant effects on this same measure. This is notable because Janz (1994)
found that in children, 7-13 years of age, there was a moderate-to-high correlation
between heart rate monitoring and accelerometry when measuring physical activity level.
This suggests that similar results should be obtained when measuring physical activity
using either objective measure; however, this was not the case. One possible explanation
for this variation might be due to the size of a child’s heart. Washington and associates
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(1994, p. 2167) noted, “[yjoung children compensate for a smaller heart and lower stroke
volume by an increased heart rate at a given rate of work.” Heart rate is often used as a
measure of physical activity intensity. Therefore, it is possible that the use of heart rate
monitoring to determine preschoolers’ level of physical activity may result in elevated
intensity data relative to those obtained from accelerometers; observations are based on
participants’ physiological limitations (i.e., heart size) alone and may not be due to a
measureable difference in their level, or intensity, of activity. As such, while
accelerometers are a costly research investment, they may still offer the most valid
assessment of a child’s level of MVPA when compared to heart rate monitoring.
While the present study offers a unique contribution to the preschooler physical
activity and body composition literature, it is not without limitations. First, a wide range
of outcome measures were utilized in the 19 studies included in the analysis.
Methodologically, it was necessary to collapse data into broader categories in order to
generate findings, and consequently, the specifics of individual studies may have been
lost in this recategorization process. As such, there is the potential for generalizing
specific information due to this limitation. Second, some studies presented with
insufficient data (i.e., pre- or post-test data, sample size data, etc.). This meant that, after
attempting to contact the primary investigator to obtain the missing data, some physical
activity interventions were excluded from the final analysis, despite potentially having
positive effects on body composition and/or physical activity outcomes in preschoolers.
Third, inherent to proxy-reporting physical activity measures is the possibility for parents
to provide socially-desirable responses (Flynn et al., 2006). Therefore, the extent of a
child’s level of activity may be exaggerated, which would skew data and, consequently,
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analytical results from reflecting the true efficacy of a physical activity intervention
utilizing such reporting methods. A fourth limitation is that the majority of the studies
included in this meta-analysis were 24 weeks or less in duration. Therefore, it is unclear
whether the impact of the interventions was sustained long term. Finally, meta-analyses
compare identical factors (i.e., population of interest) in non-identical studies (e.g.,
differences in methodologies, location, leadership, length of intervention). Combining
studies with such diversity is a common critique of meta-analyses (Thomas & French,
1986).
Despite these limitations, the results of this meta-analysis may help to increase the
effectiveness of future interventions by providing a synthesis of the characteristics of
effective physical activity interventions on preschoolers’ body composition and physical
activity behaviours. Based on the results of this study, it is believed that interventions
targeting body composition have the most success when provided within the home-based
environment and led by trained personnel. With regard to the physical activity variables,
particularly MVPA, interventions with the following components appear to be the most
effective for this population: provided in early-learning environments; under the direction
and leadership of teachers; involving environmental changes; and, incorporating
unstructured and outdoor activities. Physical activity interventions utilizing the
aforementioned characteristics appear to be most appropriate for dealing with the
inactivity and obesity crises currently facing our youngest generation.
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Appendix A
Coding Sheet - Physical Activity, Body Composition, and Preschool-Aged Children
A. Column 1: AUTHOR: Authors’ names and year of the study (alphabetic)
B. Column 2: STUDYDATE: Date of study publication
Actual value (numerical)
Not specified (999)
C. Column 3: STDYNO: Running total on the number of studies
D. Column 4: ESNO: Running total on the effect size from a particular study
E. Column 5: STUDYSOURCE: The source of the study (i.e., type of publication)
Refereed j ournal (1)
Non-refereed journal (2)
Conference proceeding (3)
Thesis (4)
Dissertation (5)
Unpublished manuscript (6)
O ther(7)
F. Column 6: AGEX: Mean age (years) of participants
Actual value (numerical)
Not specified (999)
G. Column 7: DESIGN: Study design
Randomized Control Trials (1)
Quasi experimental (2)
Pre-post design (3)
Correlational (4)
Cluster randomized design (5)
Non-randomized controlled prospective study (6)
H. Column 8: INTERVENTIONLENGTH: Total time span of the intervention (weeks)
Actual value (numerical)
Not specified (999)
I.

Column 9: INTLOCATION: Intervention-site Location
Child care setting (1)
Physician’s office (2)
Home-based (3)
Child care + home based (4)
Preschool (5)
Kindergarten (6)
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Daycare + preschool (7)
Clinic + home based (8)
Clinic (9)
Not specified (999)
J.

Column 10: INTERVENTIONLEADERSHIP: Who puts the intervention into
practice for the children?
Teacher (1)
Parent (2)
Physician (3)
Health professional (4)
Trained personnel (5)
Professional youth coach + preschool teacher + assistant (6)
Pediatric psychology postdoctoral fellows + research coordinator (7)
Not specified (999)

K. Column 11 : INTLOCATION#: Number of Intervention-site Locations (classrooms)
Actual value (numerical)
Not specified (999)
L. Column 12: COUNTRY: Study location (geographic)
Canada ( 1)
United States (2)
UK (3)
Scotland (4)
Australia (5)
France (6)
Belgium (7)
Thailand (8)
Israel (9)
Not specified (999)
M. Column 13: Ethnicity
African American (1)
Thai (2)
Latino (3)
White (4)
Multiracial (5)
Hispanic (6)
Not specified (999)
N. Column 14: ACTREPORT (behavioural measure vs. self-report)
Behavioural measure (objective measure) (1)
Accelerometry (11)
Heart rate monitoring (12)
Pedometer (13)
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Self-report (2)
Participant observation - parent (3)
Participant observation - teacher or director (4)
OSRAP—Observational System for Recording Activity in Preschoolers (41)
Not specified (999)
O. Column 15: MeasurementTimePoint-weeks
Actual value (numerical)
Not specified (999)
P. Column 16: CHAR: Weight Characteristics of the child
Overweight (1)
Obese (2)
General population (3)
Overweight + normal weight (4)
Not specified (999)
Q. Column 17: Intervention type (experimental)
Physical activity (1)
Education (2)
Environmental changes (3)
Physical activity + education (4)
Physical activity + environment changes (5)
Education + environmental changes (6)
Physical activity + education + environmental changes (7)
Screening + physical activity (8)
Musical activities + interactive education (9)
Physical activity integrated into curriculum (10)
Food service modification + education (11)
No intervention/not specified (999)
R. Column 18: Nature of education (experimental)
Written material (1)
Posters or public displays (2)
Verbal presentation (3)
Written material + posters (4)
Written material + posters + verbal presentation (5)
Verbal presentation + written material (6)
Verbal presentation + activities (7)
Not applicable (999)
S. Column 19: Educational content (target; experimental)
Nutrition (1)
Physical activity (2)
Screen time (3)
Nutrition + Physical Activity + Screen time (4)
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Nutrition + Physical Activity (5)
General health topics (6)
Nutrition + Screen time (7)
Nutrition + Physical Activity + BMI (8)
Diet + Physical Activity + Parenting skills (10)
Physical activity + screen time (11)
Not applicable (999)
T. Column 20: Education Target (experimental)
Child (1)
Parent(2)
T eacher(3)
Child + Parent (4)
Parent + Teacher (5)
Child + Teacher (6)
Child + Parent + Teacher (7)
Child + Teacher + food service staff (8)
Not applicable (999)
U. Column 21: Nature of environmental changes
Activity-friendly equipment added to outdoor preschool playground (1)
Play equipment added (2)
Painted markings on the playground (3)
Painted markings + play equipment (4)
Posters displayed in public spaces (5)
Not applicable (999)
V. Column 22: Nature of physical activity (experimental)
Structured (1)
Unstructured (2)
Mixed (3)
Not specified (999)
W. Column 23: Nature of physical activity (control)
Structured (1)
Unstructured (2)
Mixed (3)
Not specified (999)
X. Column 24: LOCATIONofPLAY
Indoor(1)
Outdoor (2)
Mixed (3)
Unspecified (999)
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Y. Column 25: GENDER: The gender of the participants
Male (1)
Female (2)
Mixed (3)
Not specified (999)
Z. Column 26: GROUP
Intervention group (1)
Control group (2)
Not applicable (999)
AA.

Column 27: DV
BMI - objectively measured (1)
Adjusted BMI (111)
BMI percentile for age and sex (112)
BMI change score (113)
BMI SD Score - objectively measured (2)
Adjusted BMI z-score (211)
Standardized BMI change score (212)
Outdoor play time spent (proxy measure) (3)
Light activity (31)
Moderate activity (32)
Vigorous activity (33)
PAL based on accelerometer count cut-offs (4)
Light activity (41)
Moderate activity (42)
Vigorous activity (43)
Sedentary activity (44)
MVPA (45)
Counts per minute (46)
% time in light physical activity (47)
% time in moderate physical activity (48)
% time in vigorous physical activity (49)
% time in moderate-to-vigorous physical activity (50)
Physical Activity - Moderate (hours) (51)
Physical Activity - Vigorous (hours) (52)
Heart rate (5)
Physical Activity Heart Rate>50 (% time) Index (511)
PAL based on pedometer counts (6)
Steps per day (61)
Adherence to intervention (7)
Adherence to wearing heart rate (HR) monitor (71)
WHCU (8)
TSF (9)
Exercise Frequency (10)
Exercise Intensity (11)
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Percentage overweight - unadjusted BMI > 90th percentile (12)
Parent perceptions of child’s physical activity (13)
More than enough (131)
About the right amount (132)
Not enough (133)
Body fat percentage (%) (14)
Obese (>95th %ile) (15)
Overweight (85-95th %ile) (16)
% MVPA (20)
Circle time (201)
Transitions (202)
Snack time (203)
Free choice outdoor (204)
Free choice indoor (205)
Researcher observed total physical activity - EPAO (21)
Active play item (22)
Family activity item (23)
Teacher observed physical activity (24)
MVPA - Classroom (25)
MVPA - Classroom + Outside (26)
VPA - Classroom (27)
VPA - Classroom + Outside (28)
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Appendix B
Effect Sizes, Standard Deviations (SD), and 95% Confidence Intervals (CI95) Prior to
Recategorization of Moderator Variables

Moderator Variable

Number
of Effect
Sizes

Mean Effect
Size
(Hedges g)

SD

CI95a

Significance*

27
4
8

0.26
0.34
0.004

.43
.20
.11

[.09, .43]
[.02, .66]
[0.09,.03]

*
*
*

45
11
3
12
2

0.56
0.03
0.14
0.54
0.78

.96
.13
.08
1.00
1.10

[.27, .85]
[-.06,. 12]
[-.05, .33]
[-.09, 1.18]
[-9.11, 10.67]

*

51
6
4

0.12
-0.35
0.38

.34
.48
.78

[.02, .22]
[-.85,.15]
[-.87, 1.63]

*

8
6

0.20
0.78

.36
1.75

[-.10, .50]
[-1.1, 2.6]

6

1.44

.25

[1.18, 1.69]

19

0.16

.36

[-.01,-33]

1

0.90

64
3
13

0.44
0.99
0.48

.80
.18
1.17

[.24, .64)
[.54,1.45]
[-.23, 1.19]

12
14
30

0.27
0.05
0.65

.46
.52
.88

[-.02, .56]
[-.25, .35]
[.32, .98]

Intervention-site location
Child care setting
Home-based
Child care + homebased
Preschool
Kindergarten
Daycare + preschool
Clinic + home-based
Clinic
Intervention leadership
Teacher
Parent
Healthcare
professional
Trained personnel
Professional youth
coach + preschool
teacher + assistant
Paediatric psychology
postdoctoral fellows +
research coordinator
Activity reporting method
Participant observation
- parent
Participant observation
- teacher
Accelerometry
Heart rate monitoring
Pedometer
Intervention type
Physical activity
Education
Environmental
changes

*

*
*

*
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*
*

45

0.36

.81

[.12, .60]

3

0.14

.08

[-.05, .33]

8

0.28

.52

[-•15, .72]

54

0.34

.75

[.13, .54]

*

6
26
40

1.15
0.74
-0.04

.29
.94
.24

[.85, 1.45]
[.36, 1.12]
[-.11,.04]

*
*

2

0.78

1.10

[-9.11, 10.67]

9
14
2
32
1
6
1

0.56
0.21
0.73
0.25
-0.02
-0.01
-0.02

1.42
.43
.24
.65

[-.53, 1.65]
[-.04, .46]
[-1.39,2.84]
[.02, .49]

.05

[-.06, .05]

Nature of physical activity
Structured
Unstructured

46
24

0.24
0.91

.70
.80

[.03, .45]
[.57, 1.25]

*
*

Location of play
Indoor
Outdoor
Mixed

8
30
12

0.28
0.65
0.40

.52
.88
1.24

[-.15, .72]
[.32, .98]
[-.39, 1.19]

*

Intervention length
.57
.71
3.00
4.00
7.00
8.00
14.00

3
18
3
7
3
8
23

0.05
1.19
0.99
0.23
0.14
0.28
0.27

.12
.72
.18
.23
.08
.52
.89

[-.25, .34]
[.83, 1.55]
[.54, 1.45]
[.02, .44]
[-.05, .33]
[-.15, .72]
[-.11,-65]

Physical activity +
education
Musical activities +
interactive education
Physical activity
integrated into
curriculum
Intervention design
Randomized Control
Trial (RCT)
Quasi-experimental
Pre-post design
Cluster randomized
design
Non-randomized
controlled prospective
study
Education target
Child
Parent
Teacher/director
Child + Parent
Parent + Teacher
Child + Teacher
Child + Parent +
Teacher

*
*
*
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20.00
24.00
29.60
52.00

6
22
6
2

-0.01
0.36
0.02
0.78

.05
.78
.13
1.10

[-.06, .05]
[.02, .71]
[-.12,.16]
[-9.11, 10.67]

*

aAn effect size is considered significantly different from zero if the 95% confidence
interval does not include or pass through zero (Hedges & Olkin, 1985).
*p < 0.05
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Appendix C
Recategorization of Moderator Variables

Variable label

Variables included under
initial label

New label

Variables included
under new label

Intervention
length (weeks)

.57, .71,3.00, 4.00,7.00,
8.00, 14.00, 20.00,
24.00, 29.60, 52.00

Intervention
length (weeks)

< 4.00 weeks,
4.00-12.00 weeks
12.01- 26.00 weeks
26.01- 52.00 weeks

Intervention
location

Child care setting,
Physician’s office,
Home-based, Child care
+ home based,
Preschool, Kindergarten,
Daycare + preschool,
Clinic + home based,
Clinic

Early-learning
environment

Child care setting,
preschool, kindergarten,
daycare + preschool
Home-based, child care +
home based, clinic +
home based

Intervention
leadership

Teacher, Parent,
Physician, Health
professional, Trained
personnel, Professional
youth coach + preschool
teacher + assistant,
Pediatric psychology
postdoctoral fellows +
research coordinator

Teacher
Parent
Trained
personnel

Teacher
Parent
Health professional,
Trained personnel,
Professional youth coach,
assistant, Pediatric
psychology postdoctoral
fellows + research
coordinator

Activity report

Behavioural measure
(objective measure),
Accelerometery, Heart
rate monitoring,
Pedometer, Self-report,
Participant observation parent, Participant
observation - teacher or
director, OSRAP—
Observational System
for Recording Activity
in Preschoolers

Accelerometery
Heart Rate
Pedometer
Observation

Accelerometery
Heart rate monitoring
Pedometer
Self-report, Participant
observation - parent,
Participant observation teacher or director,
OSRAP— Observational
System for Recording
Activity in Preschoolers

Home-based
component

72

ANALYSIS OF PHYSICAL ACTIVITY INTERVENTIONS FOR PRESCHOOLERS
Activity report
- subjective
vs. objective
measures

Behavioural measure
(objective measure),
Accelerometry, Heart
rate monitoring,
Pedometer, Self-report,
Participant observation parent, Participant
observation - teacher or
director, OS RAP—
Observational System
for Recording Activity
in Preschoolers

Objective
measures

Design

Randomized Control
Trials, Quasiexperimental, Pre-post
design, Correlational,
Cluster randomized
design, Non-randomized
controlled prospective
study

RCT
Quasiexperimental

Intervention
type

Educational
target

Physical activity,
Education,
Environmental changes,
Physical activity +
education, Musical
activities + interactive
education
Physical activity
integrated into
curriculum,

Child, Parent, Teacher,
Child + Parent, Parent +
Teacher, Child +
Teacher

Subjective
measures

Pre-/postdesign
Cluster
randomized
design
Physical
activity
Education

Environmental
changes
Physical
activity +
education
Child
Parent
Child + Adult
Adult
combined

Accelerometry,
pedometer, heart rate
monitoring
Self-report, Participant
observation - parent,
Participant observation teacher or director

Randomized control trials
Quasi-experimental, nonrandomized controlled
prospective study
Pre-post design
Cluster randomized
design

Physical activity, Physical
activity integrated into
curriculum
Education, Musical
activities + interactive
education
Environmental changes,
Physical activity +
education
Physical activity +
education

Child
Parent
Child + Parent, Child +
Teacher
Teacher, Parent + Teacher
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